Objective: To compile data on Tourette's syndrome (TS), tics and associated disorders. Methods: A systematic review of the literature was conducted using the 5S levels of organization of healthcare research evidence (systems, summaries, synopses, syntheses, studies), based on the model described by Haynes. The search keywords were Tourette, tics and comorbidity, which were cross-referenced. Studies provided by publishers and articles being processed on July 31, 2013, were also included. Results: Of all studies retrieved during the search, 64 were selected because they analyzed the epidemiology, clinical features and etiopathogenesis of TS and its comorbidities. TS is classified as a hyperkinetic movement disorder, and at least 90% of the patients have neuropsychiatric comorbidities, of which attention deficit hyperactivity and obsessive-compulsive disorders are the most common. The syndrome is clinically heterogeneous and has been associated with a dysfunction of cortico-striatal-thalamic-cortical circuits involving various neurotransmitters. Although its genetic etiology has been widely studied, other factors may be important to understand this syndrome and its associated disorders. Conclusions: TS is a neurodevelopmental disorder that results from the impact of stress factors on a vulnerable biological substrate during the critical periods of neurodevelopment. The study of TS and its comorbidities may contribute, at different levels, to the understanding of several neuropsychiatric disorders of clinical and therapeutic relevance. Keywords: Attention deficit disorder with hyperactivity, comorbidity, obsessive-compulsive disorder, tics, Tourette's syndrome.
according to WHO and APA. 1 Onset typically occurs during early childhood, and boys are more affected than girls. The severity of tics in children with TS usually declines over the course of adolescence. 2 TS is the most common cause of tics. 3 According to recent community-based studies, the prevalence of TS in school-aged children ranges from one to eight per 1,000. 4 According to Robertson, TS affects at least 1% of the population worldwide. 5, 6 The etiopathogenesis of TS is unknown, but may be associated with a disturbance in the striatalthalamic-cortical (mesolimbic) pathway, which leads to a disinhibition of the motor and limbic system. TS was thought to be an autosomal dominant disorder, but its pattern of inheritance may be more complex. and corticotropin-releasing factor (CRF) has also been suggested because patients frequently report that tics are more severe during periods of stress. 7 Recent interest has been focused on the role of two closely related neurosecretory nonapeptides, arginine vasopressin and oxytocin. 8 Moreover, an altered androgen-dependent process of sexual differentiation during prenatal life may contribute to the development of tics, as a tic disorder in females is associated with a more typically masculine pattern of performance. 9 Substantial evidence suggests that both environmental and genetic factors contribute to the development and clinical expression of TS. Although genetic studies of TS are common, studies of environmental factors are relatively few, but, for instance, an association between prenatal or perinatal adverse events and TS and its comorbidities has already been pointed out. Recent studies found that at least some cases of TS are immunemediated. 10 The contribution of psychosocial factors, such as locus of control, has also been investigated. 11 TS has comorbid disorders in approximately 90% of all patients, and attention deficit hyperactivity disorder (ADHD) and obsessive-compulsive disorder (OCD) are the most common. 12 Patients with OCD seem to have different clinical features, and an association between some of these patients and TS has been found. Moreover, several additional comorbidities, such as anxiety, mood and sleep disorders, learning disabilities and disruptive behavior disorders, remain highly prevalent in TS.
Other comorbidities, although less common, have also been described. Table 2 shows the prevalence of those comorbidities described in the studies in Table 1 .
The most prevalent comorbidity in TS is different in the studies analyzed, particularly between ADHD and other behavior disorders and OCD and other anxiety disorders. ADHD is one of the most prevalent psychiatric disorders in children and, considering the high prevalence of the same spectrum disorders in TS, July 31, 2013 , and studies supplied by publishers and in process were selected. Finally, a search for tics* AND comorbidit* retrieved the last studies included in this review, which totaled 315 articles ( Figure 1 ).
5S Levels (Haynes)
Search results Number of articles (n)
Systems

Synopses n=1
Syntheses n=35
Studies n=276
Summaries n=3
Total number of articles n=315 The prevalence of neuropsychiatric comorbidities in TS is 90% and ADHD and OCD are the most common. The former is found in 60 to 80%, and the latter, in 11 to 80% of patients with TS. Depression, followed by personality disorders, is also common in TS. OCD is the most common comorbidity in patients with TS, at a prevalence of 41.6%. ADHD was found in 29.2% of the patients. ADHD = attention deficit hyperactivity disorder; N/A = not applicable; OCD = obsessive-compulsive disorder; TS = Tourette's syndrome. Ludolph et al. 24 found that the volume of the amygdala in the left hemisphere of patients with TS was lower than in the control group. This difference was not associated with tic severity, but with the coexistence of ADHD symptoms, which may be explained as a dysfunction of the amygdala input to the striatum and frontal cortex.
In an experimental study, Nordstrom et al. 25 found that the hypoactivity of glutamatergic efferent cortical-limbic pathways leads to ADHD.
Immune-based theories for the causes of 
ADHD, other behavior disorders and learning disabilities
This group includes some of the disorders usually diagnosed during early and late childhood. Both TS and ADHD are associated with deficient performance on visual-motor integration tasks when compared with normal controls. These findings helped identify the basal ganglia and fronto-corticoestriate circuits as the neuroanatomical region of interest in TS research. They also suggested similar explanations for the pathogenesis of ADHD, as the prevalence of ADHD in TS is high. 19, 20 ADHD is a polygenic disorder associated with the additive effect of genes affecting DA, NE, serotonin, GABA, and other neurotransmitters. This model is consistent with all current knowledge about ADHD, including the increased frequency of ADHD among relatives of probands with ADHD, the failure to explain this as the result of any single neurotransmitter defect and its close association with TS. 16 Attention deficit disorder (ADD) with or without hyperactivity is found in 49% to 83% of patients Learning disabilities are a common disorder also linked to TS. 30 According to some studies, learning disabilities associated with academic skills are more closely linked to ADHD. 31, 32 In contrast, learning procedures (motor skills) are associated with TS.
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OCD and other anxiety disorders
Some authors have reported that the co-occurrence of TS and OCD is common and found in 40% to 75% of the cases. 34 Mathias et al. 35 found that 37.5% of patients with early-onset OCD (onset < 11 years) had comorbid tic disorders, and the prevalence of tics in both earlyand late-onset OCD was 29%. Jaisoorya et al. 36 found a male preponderance in patients with TS+OCD.
One of the features that these pathologies may share is the sensory phenomenon, a bodily (tactile and/or musculoskeletal and visceral) or mental (e.g., inner tension, feeling of imperfection) sensation that precedes the repetitive behavior, usually disappearing after performing it. This feature is similar to obsessive symptoms, which only cease when the compulsive behavior is completed.
Miguel et al. 37 analyzed the concept of sensory phenomena in patients with TS, OCD and TS+OCD and found that the presence of sensory phenomena is more common in patients with TS or TS+OCD. These results are similar to those found by Leckman et al. 8 However, sensory phenomena and obsessions are not exactly the same, as we illustrate in Figure 2 . Alvarenga et al. 38 noted that TS+OCD patients were more likely to be boys, to experience sensory phenomena and have comorbid anxiety disorders in general and ADHD. Additionally, the aggressive, sexual/ religious and hoarding symptom dimensions were more severe in that group, which may be explained autoimmune neuropsychiatric disorders associated with streptococcal infections (PANDAS). 10 Peterson et al. 26 Nevertheless, dexamphetamine may be associated with tics at doses above those regarded as therapeutic. 28 In addition to ADHD, other behavior disorders have been associated with TS. Budman et al. 29 reported that 50% of the children with TS, ADHD and OCD have disruptive behavior disorders. There is considerable proteins, which may lead to different psychopathologies depending on the structures that are affected.
In an attempt to understand the differences in volume of the basal ganglia in children and adults with TS and their association with comorbidities, Peterson et al. 47 used high-resolution magnetic resonance to measure basal ganglia volume. They found that adults with TS and children with TS+OCD had smaller lenticular nucleus volumes and concluded that this is a marker of comorbid OCD and persistence of tics in adulthood.
The role of glutamate, in addition to that of serotonin and DA, in patients with TS+OCD has also been studied. 25, 34 Some hormones seem to play a role in the cooccurrence of TS+OCD. The onset and recurrence of TS have been associated with significant emotional contexts. Chappell et al. 7 measured the central activity of corticotropin releasing factor (CRF) in patients with TS+OCD and found that the levels in lumbar cerebrospinal fluid were moderately higher, but statistically significant, than in both normal controls and patients with OCD, which suggests that these patients are more sensitive to lower levels of stress. Leckman et al. 8 45 studied a family in which the father had TS+OCD, the mother was normal and the two children had TS+OCD and mental and growth retardation. The father and the two children had in common a complex chromosomal insertion/translocation involving chromosomes 2 and 7:
they shared an insertion of 2p21-p23 on chromosome 7q35-q36. The pathologies that they all shared were TS and OCD, and, therefore, this gene seems to be responsible for the co-occurrence of TS+OCD in these patients. The coexistence of mental and growth retardation in the children might be explained by other chromosomal abnormalities that the children, but not the father, had. That insertion into chromosome 7 interrupts the contactin-associated protein 2 gene (CNTNAP2).
Although its function has not been clearly defined, the disruption or decreased expression of CNTNAP2 might lead to a disturbed distribution of the juxtaparanodal clustering of Shaker-like K + channels in the nervous system and affect conduction and repolarization, which, as a result, leads to the movements seen in TS. Cuker et al. 46 described the case of a 14-year-old girl with severe OCD who had the following translocation: t (2;18)(p12,q22) .
The chromosome 18 breakpoint (a relatively gene-poor region) had already been identified in two other cases, one of them with TS+OCD and the other with chronic tic disorder and OCD. These findings suggest that the noncoding regions should be explored.
Immune-based theories have also been postulated.
Peterson et al. 26 found that in patients with ADHD, OCD or both disorders higher antistreptococcal antibody titers were associated with structural alterations in basal ganglia.
They suggested that, when there was host susceptibility to autoimmune disorders, an infection by group A β-hemolytic streptococcus (GABHS) produces GABHS antibodies that cross-react with and presumably compromise neural of the DA, NE and serotonin neurotransmitters or, in other cases, an adverse drug reaction associated with the psychostimulants used to treat the comorbid ADHD. 12 Berthier et al. 52 identified a dysfunction of the relation between the extrapyramidal and the limbic systems. In fact, manic episodes are observed in other pathologies that involve subcortical structures, such as Huntington's disease.
Sleep disorders
Sleep disorders are also common. Robertson et al. 49 reported that, in a study of young people with TS, 26% had nightmares and 33% had sleepwalking. According to the same authors, these parasomnias have a similar prevalence in adult patients with TS.
Their etiology seems multifactorial. In ADHD, commonly associated with sleep disorders, there is initial insomnia, sleepwalking and hypersomnia. and sleep disorders may result from anxiety disorders, particularly separation anxiety. The role of genetic factors has also been studied. Some authors found a variant of orexin genes, which have been shown to be essential for normal sleep in patients with TS+ADHD. 54 correlated with the number of comorbidities. In addition to that, psychosocial factors are also very important, as an external locus of control (LOC) is associated with an increased risk of anxiety disorders.
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Mood disorders
Major depressive disorder is the most common complication of OCD, with a prevalence ranging from 13 to 75%, which is relevant because OCD is one of the most important comorbidities of TS. Depression is often associated with increased severity of tics, sleep disorders and ADHD. 12 Etiopathogenesis is multifactorial. Robertson et al. 49 found that children with TS had more depressive symptoms than controls. However, depressive symptoms are not enough to establish a major depressive disorder diagnosis. They concluded that the greater number of depressive symptoms might be explained by environmental and social factors. Figure 3 shows the etiologic factors of depression.
According to some studies, 50 the lifetime prevalence of bipolar disorder is 5%, and 19.1% of patients with TS have mania. Kerbeshian et al. 51 concluded that the risk of developing bipolar disorder in children, adolescents and adults with TS is four times greater than what would be expected by chance; moreover, the risk is higher for boys.
Berthier et al. 52 found that bipolar disorder in patients with TS is associated with other comorbidities, such as OCD, generalized anxiety disorder, eating disorders, panic disorder, social phobia and ADHD. Interestingly, in their study, all patients had a personality disorder. These findings confirm that numerous psychiatric disorders are commonly found in patients with TS. Some authors 15 suggested that some aggressive and impulsive behaviors observed in children with TS might be underdiagnosed bipolar disorder.
The etiopathogenesis of this comorbidity is unknown.
Bipolar disorder in TS may result from a dysfunction to be more affected and, therefore, the role of the X chromosome was analyzed. However, the relevance of these comorbidities remains controversial. 64, 65 Also, a patient with Diogenes syndrome, OCD and TS has been described, but the exact nature of how these disorders may be associated remains to be determined. The study of comorbidities may clarify the boundaries of some psychiatric disorders, and this review contributes to that. OCD is a good example: although all patients have intrusive thoughts that they try to Finally, According to Taylor et al., 28 some cases of insomnia may be assigned to the use of psychostimulants.
Personality disorders
Several personality disorders are found in TS, at a higher prevalence than in the general population, 14, 39, 52 which may be explained by several factors. The obsessive-compulsive personality is a risk factor for the development of OCD, one of the most prevalent psychiatric disorders in patients with TS. The prevalence of avoidant and dependent personalities is associated with the high prevalence of anxiety disorders in TS.
Paranoid and schizotypal personalities may result from the worry of expressing tics and being seen and criticized or rejected by others. 14 Patients with a schizoid personality may be those at a greater risk of pervasive developmental disorders. Finally, borderline personalities are associated with mood disorders.
Pervasive developmental disorders
Pervasive developmental disorders, common in TS, are neurodevelopmental disorders. 55, 56 Baron-Cohen et al. 57 found that, although distinct, autism and TS share several behavioral features, such as echolalia and palilalia, as well as obsessive-compulsive symptoms.
Autism and TS have abnormal motor behaviors, although in autism they are stereotypes and may, occasionally, be difficult to distinguish from complex motor tics. 58 described comorbidity with reversible autistic behavior and also found that boys were more affected and comorbidity with ADHD was prevalent.
Zappella
Symptoms of autism spectrum disorders are also common in other TS comorbidities, such as OCD.
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Other comorbidities
Other pathologies may be found in patients with tics.
The presence of schizophrenia in TS is intriguing. The prevalence of childhood-onset schizophrenia is rare: one to two cases per 100,000. However, the prevalence of schizophrenia in children with TS between two and twelve years is about 8.7%, and boys are also more affected. Furthermore, childhood-onset schizophrenia is associated with more comorbidities, especially ADHD and OCD, than schizophrenia with an adolescent-or adultonset. 60 This fact reinforces the idea that TS and the ADHD and OCD are the most common comorbidities and, therefore, the ones most often described. However,
